Introduction
The chemistry of organophosphorus compounds is a rapidly developing area of research because of their importance in industrial, agricultural, biochemical and medicinal application. It is interesting to note that the variation in their physical, chemical and biological properties is governed by selection of the group attached to phosphorus atom. 1 One such class of compounds is known as phosphonates having wide applications in modern life 1 ; they are used as flame retardants 2 , pesticides , herbicides 4 , lubricants 4 " 5 antifoamine agent, stabilizer, textile conditioner, antistatic agent, and in organic synthesis.
5
" In addition to their biological activity, the phosphonates have also been recognized as attractive intermediates in organic chemistry. Owing to their anion stabilizing ability, they have been frequently applied for functionalization and manipulation of carbon skeletons. 8 Apart from their useful applications to the mankind, these compounds is important in the verification of alleged use of chemical warfare agents. 9 The verification regime of Chemical Weapons Convention (CWC) is pivotally in its implementation. The treaty is administered by an organization know as Organization for Prohibition of Chemical Weapons (OPCW). The OPCW maintains a network of designated laboratories to verify the presence of CWAs and their markers in the samples collected by the inspectors fjom suspected and declared sites. 10 Due to the internationally sensitive nature of verification process, the analytical performance of designated laboratories and the laboratories seeking designation, is periodically evaluated by OPCW by conducting the official proficiency tests (PTs). ' 12 In PTs different environmental matrices such as soil, water, swab and organic liquid are spiked with schedules of compounds at the concentration ranging 1-10 μg/g and sent to participating laboratories. The participating laboratories are expected to identify all spiked chemicals and submit the report with in the stipulated period of fifteen days.' 1 · 12 Since, schedules of compounds are based on commercial use and past use of chemicals as CWAs, the total number of scheduled compounds is several hundred thousands. Their synthesis (in pure form) by the reported methods and recording of spectral data shall be a daunting task. In order to resolve such problem, there is a need to develop efficient synthetic procedures which can provide the pure compounds as quickly as possible. Rapid synthesis of cyclic phosphonates in pure form is essential to confirm the structures of analytes identified from their spectral (e.g. GC-MS, 31 P NMR & GC-FTIR) analysis. 13 The spectral match with synthesized compounds is one of the unique ways to report the results of analysis. Furthermore, the spectra and chromatographic data gathered by synthesis of pure compounds are also helpful in off-site analysis of real samples. 4 Such a high percentage of failure (false negative identification) was due to non-availability of the spectral data of this class of compounds and the mass spectrum of this compound did not show even remote similarity with mass spectra of any of the CWC related organophosphorus compounds (particularly the acyclic Ο,Ο-dialkyl alkylphosphonates). Results and Discussion:
Our continual efforts on the development of new synthetic procedures of scheduled chemicals for verification of CWC 1 , have prompted us to advance the synthesis of CAPs. A plethora of effective chemical approaches have been devised for the preparation of Synthesis of six-and seven-membered cyclic alkylphosphonates. 16 The reported methods are time consuming, use of hazardous solvent, high temperature, formation of polymerized products, require chromatographic technique for purification and poor yield of desired products.
Surface mediated reactions under solvent free conditions have recently attracted the attention of workers due to ecological concerns and legislative enforcement.
17 " 19 The main advantages of procedure are that they are simpler in operation. The kinetic energy supplied during grinding can have several effects on a crystalline solid including heating, reduction of particle size, increase in surface area, generation of fresh surfaces, formation of defects, dislocations in crystal lattice, phase changes, mass transfer and save energy. The absence of solvent in organic synthesis also makes the reactions cleaner, prevents solvent wastes, and reduces hazards and toxicity. Furthermore, from the synthetic view point, these reactions significantly reduce the reaction time, and workup also becomes easier.
In the present communication we report an alternative and convenient synthesis of CAPs by cyclization of alkylphosphonic dichlorides with alkanediols in the presence of sodium carbonate and celite (Scheme 1). To study the effect of solid support on the reaction rate, various solid supports such as KF-celite, KF, Na2CC>3, NaHCC>3, Na 2 C03-celite, Na2SC>4, Silca, Celite, Symctone Clay, Montmorillonite KSF clay, kieselgel, active charcoal and active carbon were screened; Na2C03-celite was found to be superior in terms of conversion and reaction time. All the reactions with Na 2 C03-celite reached to completion within 30-45 minutes under neat condition, while without Na 2 C03-celite, even extended reaction time (up to 2.5 h) had no significant enhancement in the yields (38%). It was also observed that by increasing the reaction time on KF-celite, there was no significant change in the yield of products. By following the optimized procedure, a series of compounds were prepared and confirmed by spectroscopic techniques. as an external standard for 31 P NMR. A Chemito GC model 1000 instrument was used with a flame ionization detector (FID). A capillary column (30m χ 0.25mm I.D-BP5) packed with 5 % phenyl and 95% dimethyl polysiloxane (SGE) coated on fused silica was employed. The injection port and detector block were maintained at 280 °C and 260 °C respectively and the column oven was at programmed temperature profile started at 50 °C, ramped up to 280 °C at 25°C/min. Nitrogen was used as carrier gas (at a flow rate of 30ml/min). Air for FID was supplied at 300ml/min and hydrogen at 30ml/min. In all analyses, 0.1 μΐ sample was injected and peaks recorded on Iris32 data acquisition station. The GC-MS analyses were performed in EI (70 eV) in full scan mode with an Agilent 6890 GC equipped with a model 5973 mass selective detector (Agilent Technologies, USA). An SGE BPX5 capillary column with 30 m length χ 0.32 mm internal diameter χ 0.25 μπι film thickness was used at temperature program of 80 °C (2 min)-20 °C / min-280 °C (3 min). Helium was used as the carrier gas at a constant flow rate of 1.2 ml/min.
Preparation of Na2C03-Celite: Na2C0 3 -Celite was prepared by combination of Na 2 C0 3 (0.2mole, 20.6g) and Celite (Celite®521, 0.2mole, 12.0g)) in a mortar and pestle by grinding together until a fine, homogenous powder was obtained (10-15 min) . It was mixed with 150 ml of distilled water and stirred for lh at room temperature and then water was removed under vacuum using Heidolph rotary evaporator till dryness. It was shaken with 100 ml acetone, filtered and washed with 3x25 ml acetone. It was further dried under vacuum at 150°C for 2h and stored in a stoppered flask under desiccators. Experimental procedure for cyclic alkylphosphonates: Alkanediol (O.Olmol) and Na2CC>3 -Celite (3.12g, 0.02mol) was mixed and the reaction mixture was grinded with a pestle in the mortar for 10 min. Appropriate alkylphosphonic dichloride or alkylthiophosphonic dichloride (0.01 mol) was mixed and reaction mixture was further grinded for 20 -30 min at 60 °C.The progress of reaction was monitored by TLC and 31 P NMR after drawing few milligram of reaction mixture and extracting with ether. After disappearance of the alkyl phosphonicdichloride signal in 3I P NMR, the reaction mixture was washed with ether, filtered and the solvent was evaporated. The residue was distilled under vacuum to afford the pure compound. The boiling points and yield of the product is given in Table 1 .
Conclusion
In conclusion, we have developed a rapid and efficient surface mediated method for the synthesis of cyclic esters of alkylphosphonic acids with excellent yields. The main advantage of this method is that reactions were found clean and had operational simplicity. Since, column chromatography was not required to get the pure products, hence makes more attractive for organic chemists.
Spectral data 2,4,6-Trimethyl-2-oxo-l,3-dioxo-2-phosphacyclohexane la. IR (υ cm· 1 ) : 2970 (C-H), 1290(P=0), 1060(P-0-C), 705 (P-C); 'H NMR (δ ppm): (8), 149 (15),136(13), 122(100), 97(17), 92 (19) , 83 (13) 65(25) ,58(50) (9), 126(27), 119(57), 109(17), 80(19), 71(23),63(11), 55(100), 47 (22), 43(24) ; Anal. Calcd. for C 6 Hi 3 0 2 PS : C, 39.99; H,7.27 %. Found: C, 40.00; H, 7.30 %. 2-Ethy-4,6-dimethyl-2-thio-13-dioxo-2-phosphacyclohexane lk. 
